Background: The intellectual outcome in children with congenital hypothyroidism detected by neonatal screening is generally good; however, subtle neurological dysfunctions, subnormal IQ, or both, have been reported. Objective: To evaluate the intellectual outcome in 12-year-old patients with congenital hypothyroidism, detected by neonatal screening, in an attempt to identify factors that may affect intellectual development. Methods: The intelligence quotient (IQ) of 40 children with congenital hypothyroidism was evaluated at 12 years of age, using the Wechsler Intelligence Scale for Children -Revised, and compared with the IQ of 40 healthy siblings (control group). Results: The mean IQ score (88.4 Ϯ 13.1) was not significantly different from that of the control group (93.4 Ϯ 10.7). Thirteen patients showed subnormal IQ score (72.4 Ϯ 4.9) compared with their siblings (86.7 Ϯ 9.6; P < 0.0001) and with the other patients (96.1 Ϯ 9.6; P < 0.0001). The low IQ score was associated with lower serum concentrations of thyroxine at diagnosis, poor treatment compliance during follow-up and lower familial IQ. Interviews with parents of children with congenital hypothyroidism revealed that a refusal to acknowledge the disease was linked to poor attention to the child's emotional life and to poor treatment compliance in some cases (11%). Conclusion: Even though the mean IQ score in patients with congenital hypothyroidism falls within normal for the control population, low IQ scores may be present in patients with severe hypothyroidism, inadequate compliance to replacement therapy during follow-up and poor parental pedagogic attitude.
Introduction
The introduction of systematic neonatal screening for congenital hypothyroidism has resulted in early detection and successful treatment of affected children. Although neurological development is generally good in treated children (1) (2) (3) , subtle motor and cognitive deficits and impaired intellectual outcome have been detected in some cases (4) (5) (6) (7) (8) (9) (10) . These slight neurological deficits are related to the severity of congenital hypothyroidism at diagnosis as assessed by serum thyroxine (T 4 ) concentrations or bone age (4, (6) (7) (8) (9) 11) , to the age at diagnosis (12) , and to the dose of L-thyroxine replacement therapy (13) (14) (15) (16) . The results of two studies that monitored patients during adolescence are conflicting: the New England Congenital Hypothyroidism Collaborative study (3) did not find differences in cognitive or in school performance among patients, their siblings or classmates in 14 years of follow-up, whereas Glorieux et al. (6) detected lower intelligence quotient (IQ) scores in 12-year-old children whose hypothyroidism was more severe at diagnosis.
We evaluated the intellectual development in our early adolescent patients in an attempt to identify factors that may be of prognostic value in influencing intellectual outcome.
Patients and methods
Of the 64 children referred to our Department of Paediatrics between 1982 and 1985 by a regional screening programme for congenital hypothyroidism, nine were lost to follow-up, and the parents of 15 refused consent for intellectual evaluation. The remaining 40 patients (30 female) were followed longitudinally from the time of diagnosis until they reached a mean age of 12 years. Informed consent was obtained from the parents of these 40 patients.
The diagnosis of congenital hypothyroidism was confirmed by serum thyroid function tests. Skeletal development, expressed in fetal weeks, was evaluated (always by the same observer) by comparing knee and foot radiographs with the standards for different ages according to Kuhns & Finnstrom (17) . Treatment was started at a mean chronological age of 28.2 Ϯ 10.8 days (range 12-53 days).
The aetiology of congenital hypothyroidism was established by 99m Tc-pertechnetate thyroid scans at the time of diagnosis or at 3 years of age and after L-thyroxine therapy had been withdrawn for 6 weeks. Twenty-four children had ectopic glands, eight had dyshormonogenesis and eight had thyroid aplasia.
Immediately after diagnosis, L-thyroxine therapy was started at a dose of 25 mg (6.8 Ϯ 1.8 mg/kg body weight) given orally once a day. Table 1 shows the main clinical findings at diagnosis of the 40 patients studied compared with those of the 24 patients lost to follow-up, and demonstrates that patients lost were not different and therefore did not constitute a bias in the selection of the population studied.
Children were evaluated at 3, 6, 9 and 12 months of life during the first year of treatment, then every 3 or 6 months until they reached the 3rd year of age, and annually thereafter. Dosage was adjusted according to clinical and biochemical data in order to keep serum T 4 concentrations within the upper normal range and serum thyroid stimulating hormone (TSH) within the normal range. The IQ was evaluated at a mean age of 12.25 Ϯ 0.9 years (range 11-14 years) using the Wechsler Intelligence Scale for Children -Revised (WISC-R) (18) , which yields a full-scale score, a verbal score, a performance score, and scores on 10 subtests.
The test was administered by the same psychologist, to minimise subjective interpretation of the test. All patients had normal thyroid function studies when the test was administered (serum T 4 > 103 nmol/l; serum TSH <5 mU/ml). The IQ scores were compared with the results of developmental and intellectual evaluation performed at 2 years (Brunet-Lezine test) and at 7 years of age (Stanford-Binet) respectively (9) .
To counter the effect of parental education and socioeconomic status, the control group consisted of 40 healthy siblings with a mean chronological age of 12.25 years (range 7.25-16.25 years), who were assessed by the same psychologist using the same test. All parents underwent a semistructured interview to evaluate the quality of life of the family and familial relationships. A non-directive technique was used that encourages the informant to talk about the issues they believe to be important, so that the interview serves as a standard stimulus for eliciting emotions and attitudes, in addition to being a means of eliciting information.
Statistical analysis was performed by unpaired Student's t-test and linear regression analysis. The results are expressed as means Ϯ S.D.
Results
The IQs of the 40 children with congenital hypothyroidism, evaluated when the children were 12 years Table 1 Main clinical findings at the beginning of treatment in the 40 patients in the study, compared with those of the 24 patients lost to follow-up. old, were within normal range ( Table 2 ). The patients' mean full-scale score was significantly correlated to that of the siblings (r = 0.47, P = 0.002). The mean verbal score was also similar in the two groups, even though there was a significant difference in comprehension (Table 3) . In contrast, patients had a performance deficit of seven IQ points with respect to siblings (P < 0.04). The subtests mainly affected (Table 3) were picture completion, block design and assembly of objects. The mean full-scale score at 12 years of age was significantly correlated with the full-scale score of the same patient at 2 years (96.3 Ϯ 9.6; r = 0.40, P = 0.015) and at 7 years of age (96.4 Ϯ 8.5; r = 0.63, P = 0.001). It was also correlated with serum T 4 concentrations at diagnosis (r = 0.50; P = 0.001).
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Patients in Patients lost
In 22 of 24 patients lost to follow-up, IQ evaluated at 7 years of age (92.2Ϯ10) did not significantly differ from that of the 40 patients at the same age (96.4 Ϯ 8.5; not significant).
As expected, given the relationship between serum T 4 and IQ scores, our thyroid agenesis group had significantly worse verbal, performance and full-scale scores compared with the ectopic and dyshormonogenesis groups (Table 4) , and with siblings (verbal score 94.6 Ϯ 12, NS; performance score 92.1 Ϯ 6.5, P < 0.0001; full-scale score 92.9 Ϯ 10.3, P < 0.02). We divided the patients with congenital hypothyroidism into two groups according to individual full-scale scores and inter-sibling comparison (Table 5) : group A (n = 27) consisted of patients with a normal full-scale score (у 80), which was comparable to their siblings' score; and group B (n = 13) consisted of patients with subnormal IQ (<80), which was significantly lower with respect to their siblings' score. Group B had a lower full-scale score at 2 years (87.6 Ϯ 8.3), and 7 years of age (87 Ϯ 8.6) with respect to group A (99.7 Ϯ 7.9, P < 0.0001; and 100 Ϯ 5.0, P < 0.0001). * P < 0:0001 with respect to both siblings and patients with IQ у 80.
Table 6
Comparison of hormonal assessment at the beginning of treatment and during the first year of follow-up in 27 patients with congenital hypothyroidism who had normal IQ scores at 12 years of age and in 13 patients with subnormal IQ scores. Moreover the mean IQ in siblings of group A was higher than IQ in siblings of group B (P < 0.02). The low full-scale score, in patients of group B, was associated with lower serum T 4 concentrations at diagnosis (Table 6) . Mean chronological age, bone age, initial L-thyroxine replacement therapy and hormonal assessment in the first year of life were similar in the two groups. The high frequency of increased serum TSH concentrations throughout the period of follow-up (Fig. 1a) in the group of patients with the lower IQ outcome, accompanied by normal serum T 4 concentrations (Fig. 1b) after the age of 2 years, suggests a poor compliance with treatment.
Patients with
The interviews with parents showed that the diagnosis of congenital disease, the perspective of endless treatment, and the need for continuous assessments were stressful events that had deleterious effects on parental well being. The ways in which the families coped with psychological distress was related to such personal and socioecological factors as personality traits, marital relationships, size of the family, whether the mother worked outside the home, and socioeconomic circumstances. We identified three educational-affective attitudes: (a) parents who could cope with the emotional distress and who were able to develop a satisfactory attitude toward rearing the child and toward the therapeutic programme (38%); (b) parents whose anxiety resulted in overstimulation of the child and strict compliance with the therapeutic programme (51%); and (c) parents in whom a refusal to acknowledge the disease was linked to poor attention to their child's emotional well being and to poor treatment compliance in terms of postponing or missing appointments (11%). None of the parents acknowledged that therapy was not given regularly. The three types of parental profiles were distributed equally between the two groups of children -with and without subnormal IQ.
Discussion
Although the mean full-scale IQ score in our children with congenital hypothyroidism was within the normal range and similar to that of their siblings, significant differences were detected in verbal and performance scores. Interestingly, while the mean verbal score was normal compared with siblings, the performance score was significantly lower. Within the performance test, the items significantly affected were picture completion, block design, and object assembly, which are considered to have a particularly high spatial loading. According to a large body of evidence, a discrepancy between verbal score and performance score, and poor perceptual organisation as evaluated by the block design and object assembly items, are indicative of brain damage, even if minimal. The biological damage seems to be related to a greater severity or duration, or both, of hypothyroidism at diagnosis, and the group with subnormal IQ scores did indeed have more severe forms of hypothyroidism at diagnosis. This confirms the findings of studies (19) in which verbal, performance and full-scale scores were lower in patients with congenital hypothyroidism than in well-defined control groups, although the differences were not always significant.
Despite evidence that maternal T 4 contributes substantially to fetal thyroxine in the later weeks of pregnancy (20) , it appears that maternal transfer is insufficient for fetal requirements in cases of severe hypothyroidism (11, 19) . The severity of hypothyroidism in the prenatal and perinatal periods may have important long-term effects on brain development, function, or both. In fact, suboptimal mental outcome was present at 2, 7 and 12 years of age in our patients with a severe form of the disorder. Conversely, serum T 4 concentrations at diagnosis are in some cases strictly related to the age at diagnosis; in patients with agenesis, the later the age at the beginning of treatment the lower will the serum T 4 concentrations be and, consequently, the intellectual outcome.
A higher starting dose of L-thyroxine -for example 10-15 mg/kg per day -has been proposed to allow hypothyroid children to rapidly achieve optimal levels of circulating T 4 and therefore minimise the brain damage that results from prolonged hypothyroidism (13) (14) (15) . Preliminary results are encouraging (16) , and suggest that a higher initial dose of L-thyroxine would probably have erased the difference in the intellectual outcome in our two groups of patients.
After 2 years of age, the greater frequency of increased serum TSH associated with normal serum T 4 concentrations in patients with lower IQ indicated that poor compliance to treatment might be another factor affecting intellectual outcome. This is in line with the New England Congenital Hypothyroidism Collaborative report of normal IQ scores up to the age of 14 years except in instances of poor treatment compliance (3). We agree with the New England study that yearly controls after 3 years of age are insufficient, and that more frequent surveillance of the patient's hormonal status may help to establish when patients, parents, or both, fail to follow the treatment schedule.
An additional factor influencing neuropsychological outcome might be parental pedagogic attitude. It is difficult to establish the significance of the information gathered from the parents' interviews. The three types of parental profiles were distributed equally between the two groups of children -those with and those without mental retardation. The fact that 'overstimulation' and 'control' were the most frequent parental attitudes could explain why the patients with normal full-scale score performed better than their siblings on the verbal test (Table 5) . Moreover, the significant relationship between the IQ of the patients and that of their siblings and the higher IQ score in siblings of patients with better intellectual outcome suggest that familial IQ is another factor affecting the mental outcome of our patients.
Besides intellectual aspects, the neuropsychiatric assessment revealed emotional disorders related to problems of self-confidence in almost all patients. We are still analysing these findings, but our preliminary results suggest that a therapeutic programme, even though focused on physical issues, must take into account the relationships between parents, and between parents and child, and the functioning of the family unit as a whole.
In conclusion, our findings indicate that the intellectual outcome at 12 years of age in patients with congenital hypothyroidism is generally good. However, several factors such as the severity of congenital hypothyroidism at diagnosis, poor compliance to replacement therapy during follow-up, low familial IQ and poor parental pedagogic attitude might affect the intellectual outcome. Therefore, starting the treatment as early as possible, with higher doses of L-T 4 , together with strict surveillance of the therapy and psychological support to the parents will probably assure a normal outcome in all patients with congenital hypothyroidism.
